We make a systematic and comparative study for the LHC and ILC for the electroweakino searches in the Minimal Supersymmetric Standard Model. We adopt a general bottom-up approach and scan over the parameter regions for all the three cases of the lightest supersymmetric particle being Bino-, Wino-, and Higgsino-like. The electroweakino signal from pair production and subsequent decay to W h (h → bb) final state may yield a sensitivity of 95% C.L. exclusion (5σ discovery) to the mass scale M 2 , µ ∼ 250 − 400 GeV (200 − 250 GeV) at the 14 TeV LHC with an luminosity of 300 fb −1 . Combining with all the other decay channels, the 95% C.L. exclusion (5σ discovery) may be extended to M 2 , µ ∼ 480 − 700 GeV (320 − 500 GeV). At the ILC, the electroweakinos could be readily discovered once the kinematical threshold is crossed, and their properties could be thoroughly studied.
I. INTRODUCTION
The discovery of a Standard Model (SM)-like Higgs boson [1, 2] has further strengthened the belief for a weakly-coupled Higgs sector with supersymmetry (SUSY) as the most compelling realization. If the weak-scale SUSY is realized in nature [3] , the definitive confirmation will require the discovery of the supersymmetric partners of the electroweak (EW) particles in the SM, in particular the gauginos and Higgsinos. We refer to them as electroweakinos (EWkinos) throughout this document.
Given the current results on SUSY searches at the LHC [4] [5] [6] [7] [8] [9] [10] [11] [12] , the absence of the spectacular events of large hadronic activities plus substantial missing energy implies a lower mass bound for the gluino and light squarks at about a TeV or heavier. In anticipation of much heavier colored SUSY partners, we are thus led to consider a more challenging search strategy, namely the SUSY signals only from the EW sector, the charginos and neutralinos.
Unfortunately, the direct production of electroweakinos at the LHC suffers from relatively small rates [13] . The current direct search bounds at the LHC are thus rather weak [6] [7] [8] [9] [10] [11] [12] and the future perspectives for the mass parameter coverage are limited [14, 15] . A further complication is that some dark matter consideration favors a situation for nearly-degenerate charginos and neutralinos [16] , making their identification more challenging [17] . On the other hand, a lepton collider will provide a rather clean environment for new physics discovery, as long as the collider achieves higher enough luminosity and the center-of-mass (CM) energy crosses the new physics threshold.
We are thus motivated to assess the sensitivity for observing the electroweakinos at the LHC and to compare with the reach at an ILC with a CM energy of 500 GeV. The most relevant soft SUSY-breaking mass parameters for the Bino, Wino, and Higgsino are M 1 , M 2 and µ, respectively. We take a model-independent approach and study the SUSY signals with all possible relative values of these three SUSY-breaking mass parameters, which lead to six cases in the most general terms [18] . Among them, four cases would naturally result in a compressed spectrum of nearly degenerate lightest supersymmetric particles (LSPs). Beyond the existing literature for studying the production and decay of the charginos and neutralinos, we also put a special emphasis on the by-now established channels from the decays of a 125 GeV Higgs boson h → bb, W W * . We find that with 300 fb −1 of integrated luminosity at the 14 TeV LHC, it is promising to reach up to an electroweakino mass about 400 GeV (250 GeV) for a 95% C.L. exclusion (5σ discovery), and the signal with h → bb can be identified. At the ILC, once the mass threshold is reached for the gaugino pair production, the signal of charginos and neutralinos may be separated with O(1%) measurements for the mass resolution and the couplings.
II. MODEL PARAMETERS AND NEUTRALINO/CHARGINO DECAYS
We focus on an essential EW sector, namely, the gauginos and Higginos as the interaction eigenstates. Without assumptions for a SUSY-breaking mediation scenario, we consider the other SUSY particles, namely, gluinos, squarks and sleptons, as well as heavy Higgs bosons, to decouple from the spectrum. We explicitly incorporate a SM-like Higgs boson of mass:
GeV. There are only four parameters involved in the electroweakino mass matrices, two soft SUSY breaking mass parameters M 1 and M 2 , the Higgs field mixing parameter µ, and the electroweak symmetry breaking parameter tan β. Diagonalization of the mass matrices gives the mass eigenstates (with increasing mass eigenvalues), namely, the Majorana fermions neutralinos
, and the Dirac fermions charginos χ ± i (i = 1, 2). For our phenomenological considerations, we adopt the parameters in the broad range 100 GeV < M 1 , M 2 , |µ| < 1 TeV, 3 < tan β < 50.
(1)
Note that in the case of Bino-like LSP, M 1 could be much lower given the lack of modelindependent limit on the Bino mass.
To explore the phenomenological consequences in a most general approach, we present the three possible scenarios among the mass parameters of M 1 , M 2 , µ, and categorize them into six different cases. Each of those leads to characteristic phenomenology in their pair production and the decays of the charginos and neutralinos [18] .
• Scenario A:
This is the usual canonical scenario, which is strongly motivated by the Bino-like LSP dark matter and by the grand unified theories with gaugino mass unification [19] . There are two qualitatively different physics cases we would like to explore, namely
Case AII : |µ| < M 2 , χ This is the situation of Wino-like LSP, as often realized in anomaly mediated SUSY breaking scenarios [20] . The lightest states χ 0 1 and χ ± 1 are nearly degenerate in mass close to M 2 . It thus makes more sense to follow the newly introduced convention to call them all "LSPs". In this scenario, there are two possible mass relations we will explore
Case BII :
• Scenario C:
This is the situation of Higgsino-like LSP with the lightest states χ 
III. CHARGINOS AND NEUTRALINOS AT THE LHC
We have laid out the most general chargino and neutralino scenarios based on the relations among the gaugino soft mass parameters M 1 , M 2 and the Higgsino mass parameter µ. In the absence of substantial mixing when all the mass parameters are of the similar size, the three sets of multiplets (namely a Bino, three Winos and four Higgsinos) are each nearly degenerate in mass, respectively.
The decay patterns for the next to the LSPs (NLSPs) in the six cases are given in Fig. 1 . The production and decay channels for the three scenarios with six distinctive cases are summarized in Table I [18] . For each case, we show the dominant pair production channels for the NLSPs (neutralinos and charginos), and decay modes with branching fractions for various NLSPs as discussed above. To guide the searches at the LHC, we combine with the decay branching fractions of the corresponding NLSPs, for each production mode, and show the total branching fraction into each particular final state
as in Table I . Note that all of the final states in addition include missing transverse energy introduced by χ 0 1 LSP, as well as soft jets and leptons that might appear from decays between nearly degenerate particles in LSP multiplet.
Monte Carlo simulations are used to estimate the SM backgrounds, as well as to calculate the efficiency for various electroweakino productions. In this study, events are generated using MADGRAPH event generator [21] and PYTHIA [22] for parton shower and hadronization.
Next-to-leading-order (NLO) cross sections are used for background and signal normalization, calculated using MCFM [23] and PROSPINO [24] , respectively. For both background and signal samples [25] , the events are processed through the Snowmass detector [26] using Delphes [27] parametrized simulation and object reconstruction. Large statistics of background samples are generated using the Open Science Grid infrastructure [28] . Effects due to additional interactions NLSP decay Br's
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12 12 32 23 10 9 2 (pile-ups) are studied and they are found to small for 300 fb −1 luminosity scenario [26] . Jets are reconstructed using the anti-k T clustering algorithm [29] with a distance parameter of 0.5, as implemented in the FASTJET package [30] . We have also assumed a systematic uncertainty of 20% in this study.
We present the sensitivity reach at the 14 TeV LHC with 300 fb −1 in Fig. 2 for Case A Binolike LSP in µ − M 2 plane. We show three representative channels (a) opposite-sign dilepton (ℓ + ℓ − + E T ), (b) tri-lepton (ℓℓℓ + jets + E T ), and (c) W h (ℓbb + E T ). We also show in (d) the combined sensitivity for all six search channels [18] . The statistical significance is labeled by the color code on the right-hand side. The solid and dashed curves indicate the 5σ discovery and 95%
C.L. exclusion reach. As expected, we see that the di-lepton mode in (a) is more sensitive to Case AI with M 2 < µ with certain sensitivity to low µ as well, the trilepton mode in (b) is more sensitive to Case AII with µ < M 2 , while the single lepton plus h → bb in (c) is mainly sensitive to low M 2 .
It is important to note the complementarity of the different channels. The W h (h → bb) final state may yield a sensitivity of 95% C.L. exclusion (5σ discovery) to the mass scale M 2 , µ ∼ 250 − 400
GeV (200 − 250 GeV). Combining with all the other decay channels, the 95% C.L. exclusion (5σ discovery) may be extended to M 2 , µ ∼ 480 − 700 GeV (320 − 500 GeV).
IV. CHARGINOS AND NEUTRALINOS AT THE ILC
Due to the rather small electroweak production cross sections and large SM backgrounds at the LHC, the discovery of the charginos and neutralinos via direct production would be very challeng-ing as discussed in the previous section. Even if the signal is observed, the determination of their properties would be very difficult. On the other hand an ILC will provide major advantages in identifying and determining the underlying properties. The typical cross sections are of the order of 100 fb. Once crossing the kinematical threshold, the fermionic pair production reaches the maximum rather soon. In Fig. 3(a) , we show the signal sensitivity at the 500 GeV ILC with 500 fb , thus probing the compressed regions. In addition, if the SUSY signal is indeed observed at the ILC, it will be possible to separate the signal into the chargino and neutralino components, with mass resolutions and cross section measurements being typically at the O(1%) level [31, 32] . In particular for the Higgsino-like LSP case, it has been shown that these measurements yield sufficient precision to put interesting constraints on M 1 and M 2 , even if they are in the multi-TeV regime [32] .
V. OUTLOOK
Looking forward, the high luminosity LHC with 3000 fb −1 would be expected to extend the 5σ electroweakino reach to a mass generically of 800 GeV assuming a 100% branching fraction to the gauge bosons [33] . It would be a pressing issue to address to what extent one would be able to uncover the observationally difficult scenarios where the lower lying electroweakinos are in a compressed LSP spectrum and the NLSPs may not be copiously produced at the LHC. Furthermore, if a multiple TeV lepton collider is ever available [34, 35] , it would readily cover to a mass scale about a half of the center of mass energy.
